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(54) Apparatus for applying a liquid sample onto a culture medium

(57)  Apparatus for applying a liquid sample onto a
culture medium in a spiral shape, for example for deter-
mining the bacteria concentration therein, comprises a
line having an inclined nozzle for applying said liquid
sample onto the culture medium. A turntable supports a
culture medium container, and said line being sup-
ported by a linearly movable slide. Automatic means are
arranged for adjusting said nozzle and turntable relative
to each other by depending on the level of the upper
surface of the culture medium by means of a sensor. An
automatically controlled movement mechanism
together with a level control device for a desinfectant
container insures that the nozzle is submerged deep
enough into the desinfectant to properly desinfect the
outer side of the nozzle.

% 8 1
| )
R
gt
Il omnaammd
it
I
i | m )
i
N —
i T
Uil £a=
i JE T 1
A
Y ri I L
A A I 7 Z
1‘8117 1é . 5 5
Figi

Printed by Rank Xerox (UK) Business Services

2.13.8/3.4



1 EP 0 737 741 A2 2

Description

The present invention relates to an apparatus for
applying a liquid sample onto a culture medium with a
prescribed quantity and distribution, comprising a
syringe, a movable nozzle connected to the syringe
through a line, a table for a culture medium container, a
container for sample liquid, a container for desinfectant,
and a control system and movement mechanism for dis-
placing the nozzle.

In a prior art apparatus of this type, as is e.g. known
from US Patents 3,799,844; 3,892,632 and 3,962,040,
the sample liquid is applied in a spiral shape onto a so-
called agar culture medium. The agar culture medium is
applied to the culture medium container, such as a Petri
dish, as uniformly as possible and with a prescribed
thickness. However, in practice this thickness varies
several millimeters. As a result thereof the accurate
angular positioning of the nozzle resting on the culture
medium is complicated.

Furthermore, problems may arise in the prior art
apparatus because the manual desinfection of the line
and the nozzle are not carried out properly, which may
cause cross-infections of samples.

The object of the invention is to provide an appara-
tus, in which the disadvantages as described are
removed in an effective way.

According to a first aspect the apparatus according
to the invention is characterized by means for automati-
cally ensuring the nozzle of the line to be submerged
deeper into the desinfectant than into the sample liquid
by means of the movement mechanism.

In this way, a full cleaning operation of the nozzle is
ensured and contamination of samples is prevented in a
reliable way. In an advantageous embodiment and for
this purpose said means comprises an automatic sup-
ply of desinfectant from a reservoir to the container
thereof for maintaining a minimum level therein, and
preferebly the nozzle is reciprocable up and down by
means of a movement mechanism for moving it into and
out of the desinfectant.

A further measurement for preventing samples in
the apparatus to be infected or contaminated is that, in
which the volume of the line and nozzle up to the
syringe is larger than the volume of the sample liquid,
which can maximally be applied. Due to this measure it
is impossible for the sample liquid to arrive in the
syringe itself when it is sucked in by means of the
syringe, in which desinfection is more difficult than
within the line. Consequently the risk of infections is
substantially reduced in this manner.

According to a second aspect the invention pro-
vides an apparatus for applying a liquid sample onto a
culture medium in a spiral shape, e.g. for determining
the bacteria concentration therein, comprising a line
having an inclined nozzle for applying the liquid sample
onto the culture medium, a turntable for supporting a
culture medium container, wherein the line is supported
by a linearly movable slide, characterized by automatic
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means for adjusting the nozzle and the turntable relative
to each other depending on the thickness of the culture
medium by means of a sensor.

The invention will hereafter be elucidated with refer-
ence to the drawings very schematically showing the
embodiments of the apparatus according to the inven-
tion by way of example.

Figure 1 is a schematic front view of the examplary
embodiments of the apparatus according to the inven-
tion.

Figure 2 is a side view of the apparatus of figure 1.

Figures 3-6 show on an enlarged scale a detached
detail of the apparatus of figures 1 and 2, in different
positions.

Figures 7 and 8 show diagrams of two embodi-
ments of the liquid reception and delivery system
according to the invention.

Figure 9 shows on an enlarged scale and in cross
section detail [X in figure 3.

Figure 10 shows on an enlarged scale and in cross
section detail X in figure 2.

The drawings show an apparatus for applying a lig-
uid sample onto a culture medium 1 in a prescribed
quantity and distribution, for example for determining
the bacteria concentration therein, for testing the sensi-
tivity of bacterias to antibodies and for analysing muta-
genicities. The culture medium 1 is here a layer of agar
applied to the bottom of a Petri dish 2 serving as culture
medium container.

In the present case, the sample liquid is applied to
the culture medium 1 in the configuration of an
Archimedes spiral, as is know per se. In this process the
quantity of liquid per unit length of the spiral may be
decreased continuously from the center so that the con-
centration of bacterias also decreases from the inside to
the outside. It is for example possible when the spiral is
applied to decrease the liquid delivery to the culture
medium 1 in the Petri dish 2 in an exponential manner
as a function of time so that very divergent bacteria con-
centrations may be counted on one culture medium also
because the liquid concentration already decreases
from the centre of the spiral due to the increasing sur-
face speed of the culture medium with a greater radial
distance from the centre. Another liquid distribution on
the culture medium can be obtained with constant liquid
delivery. The liquid quantity is then decreasing inversely
proportional to the radial distance from the centre. On
the other hand a uniform liquid distribution over the cul-
ture medium may be obtained if the liquid delivery is
increased linearly to compensate the increasing surface
speed of the culture medium in outward direction.

For effecting the spiral shape on the culture
medium 1, the Petri dish 2 is rotated accurately by a
turntable 4 driven by a motor 3, while a nozzle 5 at the
end of a line 6, with which the liquid is delivered to the
culture medium, is simultaneously moved linearly out-
wardly from the centre of the Petri dish 2. For this pur-
pose, the end part of the line 6 is movably mounted to a
slide 7 through a pivotable carrier 37, said slide being
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movable along a linear guide 8 and may be displaced by
means of a screwed spindle 10 rotatably driven by a
motor 9.

As is shown by figure 3, the turntable 4 comprises
an exchangeable centering device 38 for the Petri dish
2, with which both Petri dishes of different diameters
and Petri dishes having diameter tolerances may be
accurately positioned and held. Said diameter toler-
ances, which may for example vary between a few
tenths of milimeters and several millimeters, occur
between Petri dishes of different manufacturers. The
centering device 28 consists of an outer ring 39 for
clamp mounting to the turntable 4 and an exchangeable
inner ring 40, to which three accurately similar spring
means 41 equally distributed around the inner circum-
ference of the inner ring are secured. This spring means
consists of leaf springs bent substantially 180 degrees
and of which one end being fixed to the inner ring 40
and the other end resting on the upper surface of the
turntable 4 and being free to move in radial direction
when a Petri dish 2 is urged between the springs 41
from above. Because the free end of the leaf spring 41
rests on the turntable 4 no downward movement of the
free spring leg can occur when the Petri dish 2 is
pushed in so that it also cannot spring back subse-
quently, which could cause that the Petri dish 2 does not
stand planar on the turntable 4.

The carrier 37 is connected to the slide 7 pivotable
about a shaft 11, and the line 6, which is not fully shown
in figures 1 and 2 and consists of a long flexible Teflon
tube, is connected to a syringe 12, the cylinder of which
is mounted stationarily to a frame 13 of the apparatus.
The plunger of the syringe 12 is displaceable very accu-
rately and in a programmable manner by means of a
very schematically indicated step motor 14. To the vari-
ous liquid flows and the operation of the apparatus will
be referred later on.

Figure 9 shows in detail in which manner the line 6
is releasably and exchangeably mounted to the carrier
37. The line 6, which is connected to the syringe 12 by
a nipple 42 (figure 7), is equipped with a glued sleeve 43
at a required distance from the end thereof, said sleeve
being adapted to be slid onto a holder 44 at the free end
of the carrier 37. This is possible in only one way, that is
when a projection 54 of the sleeve 43 fits into a recess
46 of the holder 44, through which also the line 6 is con-
ducted to the outside. By this way of attachment of the
line 6 an accurate length of the nozzle 5 is set, while the
obliquely cut tip of the nozzle 5 is always properly posi-
tioned relative to the carrier 37. When the nozzle 5 is
clogged, the whole line 6 can be exchanged in a very
simple and quick manner rather than a front part of the
line having to be cut in an exactly prescribed manner.

Particularly in figure 1 it is shown that the apparatus
comprises a plurality of liquid containers, including a lig-
uid container 15 for sample liquid, a liquid container 16
for waste liquid, a container 17 for desinfectant and a lig-
uid container 18 for buffer liquid. Recesses 19 in the top
of a house wall enable the nozzle 5 of the line 6 to be
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moved in a verticle position into and out of each liquid
container 15-18.

Figures 3-6 of the drawings show the various posi-
tions of the carrier 37 with the nozzle 5 of the line 6 dur-
ing the operation of the apparatus, and figures 3-5
illustrate especially the operation of the apparatus for
the exact angular positioning of the nozzle 5 on the cul-
ture medium 1 of the Petri dish 2. For this purpose the
rotary shaft 11, to which the carrier 37 is secured, is
journalled in a bearing block 20. This block, which is
adjustable in vertical direction is loaded upwardly by
means of a tension spring 47 and in engagement with a
stop 22 of the slide 7. An arm 33 is also mounted on the
rotary shaft 11, with which a pin 24 may engage for piv-
oting the carrier 37 about the rotary shaft 11 and for dis-
placing the block 20 downwardly, said pin 24 being part
of a carriage 25, which is displaceable in vertical direc-
tion by a further combined spindle drive and linear guide
21. The arm 23 further co-operates with a sensor 26,
such as a proximity switch, to determine the horizontal
position of the arm 23.

The operation of the movement mechanism for the
carrier 37 and the nozzle 5 of the line 6 is as follows.

In figure 3, the nozzle 5 is shown in its inoperative
horizontal position, in which it is transported by the slide
7. Then the arm 23 rests on the pin 24 of the carriage
25, which is in its highest position. Also the block 20 is
in its highest position.

In figure 4, the carriage 25 is displaced so far down-
wardly that the nozzle 5 is pivoted by the carrier 37
about the rotary shaft 11 to such an extent that the noz-
zle 5 has come to rest on the culture medium 1 and the
pin 24 of the carriage 25 has released from the arm 23.
As is clearly shown in figure 4, the tip of the nozzle 5 is
not in the centre of the culture medium 1 and conse-
quently not in the centre of the turntable 4 because the
culture medium 1 is thinner than nominal and as a result
the nozzle 5 is pivoted too far about the rotary shaft 11.
In this position of the nozzle 5 it is not possible to apply
a prescribed spiral of sample liquid on the culture
medium 1, and the obliquely cut tip of the nozzle 5 is
also not parallel to the surface of the culture medium 1,
which prevents the formation of a proper liquid cushion
between the culture medium 1 and the nozzle 5 when
the spiral is applied.

The wrong angular position of the nozzle 5 is
sensed by the sensor 26 registrating that the arm 23 of
the rotary shaft 11 is not horizontal. This is transmitted
to the control means activating the spindle drive 21 of
the carriage 25 on basis of this information in order to
displace the block 20 slightly downwardly against the
spring force of the tension spring 47 lowering the rotary
shaft 11 of the nozzle 5 and thereby correcting the angle
of the nozzle 5.

In figure 5 it is shown that the block 20 together with
the rotary shaft 11 is displaced downwardly to such an
extent that the arm 23 is now horizontal and the nozzle
5 is positioned at the right angle, in this case 54°, auto-
matically positioning the tip of the nozzle 5 in the centre
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of the turntable 4. In this position of the nozzle the appli-
cation of the sample liquid on the culture medium 1 ina
spiral shape may be commenced.

Figure 6 shows the position of the carrier 37 with
the nozzle 5 of the line 6, in which the nozzle is sub-
merged in the liquid of a liquid container, in this case in
desinfectant of the liquid container 17. In this position,
the block 20 and the carriage 25 are moved maximum
downwardly such that the nozzle 5 is pivoted to a verti-
cal position. The nozzle is also moved downwardly into
the liquid container 17. When the nozzle 5 is desin-
fected it is of great importance that the outer side of the
nozzle is desinfected over a length, which is greater
than the length of the portion of the nozzle 5, which has
been submerged in the sample liquid. Only then a com-
plete desinfection takes place. In order to ensure this,
the liquid level is maintained at a sufficiently high level,
in this case by means of the reservoir 27 as shown. This
reservoir 27, which is fully closed and is connected to
the liquid container 17 only through a connection line
28, contains a sufficient supply of desinfectant.
Because there is an underpressure above the liquid in
the reservoir 27, no liquid is able to flow from the reser-
voir through the connection line 28 to the liquid con-
tainer 17. Only when the level of the liquid in the liquid
container 17 drops under the connection line 28, air is
permitted to pass into the reservoir and hence liquid
may flow from the reservoir 27 to the liquid container 17
until the level thereof is so high that the connection line
28 is sealed to air. In this manner, the liquid level in the
liquid container 17 is maintained just above the connec-
tion line 28.

Figure 10 shows another development of the level
device of figure 6, in which the reservoir consists of a
bottle 48, which is connectable in an upside down posi-
tion through a special cap 49 having a nipple 50 to a
connection 52 having an automatically closing valve 51.
The connection 52 communicates through a tube 53
with the desinfectant container 17. Between the bottle
48 and the cap 49 is a passage spout 54, of which the
lower end is at a level equal to the desired level in the
liquid container 17. Then, when the liquid in the cap 49
extends up to the lower edge of the passage spout 54
no liquid can flow out of the bottle 48, due to an under-
pressure above the liquid therein. Only when the liquid
level in the liquid container 17 drops, also the level in the
cap 49 drops and when it arrives below the lower edge
of the passage spout 54, air may pass into the bottle 48
through holes 55 in the cap 49 enabling liquid to escape
therefrom until the liquid closes the passage spout 54
again. This level device operates quickly and accurately,
and the exchange of bottle 48 and cap 49 can be carried
out quickly and without causing a mess thanks to the
connection 52 having an automatically closing valve 51.

Figures 7 and 8 show a diagram of two embodi-
ments of the syringe 12 and parts connected therewith.
In the embodiment of figure 7, the plunger 29 of the
syringe 12 is hollow and a space in front of the plunger
29 can be connected through a line 30 having a valve 31
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to a vacuum source 33 for sucking in liquid through the
nozzle 5.

With reference to particularly figure 7 the operation
of the apparatus according to figure 1-7 is explained.

In the initial position of the apparatus, in which the
nozzle 5 of the line 6 is in its right hand position above
the sample liquid container 15, the whole line 6 and the
nozzle 5 are filled with buffer liquid, such as distilled
water. The nozzle 5 is then moved downwardly into the
sample liquid container 15 and then the plunger 29,
which is in the front position, is moved back by means of
the step motor 14 thereby sucking sample liquid into the
line 6. The valve 31 is closed of course. The nozzle Sis
then moved up and displaced horizontally to a position
above the turntable 4 where the nozzle 5 is put down
onto the culture medium 1 in the Petri dish 2. By means
of the height adjustment described with reference to fig-
ures 3-5, the nozzle 5 is adjusted into the correct angu-
lar position to the culture medium 1. Then the turntable
4 is rotated and simultaneously the nozzle 5 is moved
horizontally and radially outwardly, while sample liquid
is applied to the culture medium 1 in a controlled quan-
tity as a result of a very accurate displacement of the
plunger 29 by the step motor 14. After completing the
application of the liquid sample on the culture medium
1, the nozzle 5 is raised and is brought to a position
above the liquid container 16 for waste liquid and the
line is drained from any residual sample liquid by means
of the plunger 29. The nozzle 5 is then submerged
deeply into the desinfectant, such as chlorine or alcohol,
in the liquid container 17 and the valve 31 is opened so
that the liquid is sucked in through the line 30 by means
of the vacuum source 32. Then the nozzle 5 is brought
to the buffer liquid container 18 and this buffer liquid is
sucked in by opening again the closed valve 31. Simul-
taneously the plunger 29 is moved back to the initial
position in order to be able to suck in a next sample by
reverse displacement of the plunger 29. Then the cycle
is completed. On the other hand, it is also possible to
apply a sample to several Petri dishes (e.g. with differ-
ent quantities) or to suck in a new quantity of a similar
sample from the sample liquid container without clean-
ing operation.

It is noted that the volume of the nozzle 5 and the
line 5 is such that it is larger than the maximum volume
of a liquid sample, or the maximum stroke volume of the
syringe 12, respectively. A normal volume of a liquid
sample is approximately 80 cubic millimeters and the
syringe 12 and the line 6 have a volume of preferably
approximately 250 cubic millimeters. With a line diame-
ter of 0.5 millimeters, a length of the line 6 of approxi-
mately 1.5 meters is selected. Due to these dimensions
it is not possible that sample liquid arrives in the syringe
12 where a desinfection would be more complicated.
When the sample liquid is only present within the line 6,
simply flushing the line with desinfectant is sufficient for
a complete desinfection.

The alternative embodiment of figure 8 differs from
that of figure 7 in that no liquid container for buffer liquid
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is present and lines including valves are connected to
the line 6 in front of the syringe 12 in order to supply
buffer liquid and desinfectant. In this way it is possible to
connect a line 33 containing a valve 34 to a reservoir for
desinfectant (not shown) while a line 35 including a
valve 36 communicates with a reservoir for buffer liquid.
When in this embodiment a sample has been applied to
the culture medium, the nozzle 5 is brought above the
waste liquid container 16 and the valve 34 of the desin-
fectant line 33 is opened so that the line 6 is flushed by
desinfectant. The nozzle 5 is then submerged in the
desinfectant in the desinfectant container 17 in order to
desinfect the outer side thereof. After desinfection of the
line 6 and the nozzle 5 by desinfectant, the valve 36 in
the line 35 for buffer liquid is opened so that the whole
line 6 and the nozzle 5 are filled with buffer liquid. The
nozzle 5 is then submerged in the sample liquid con-
tainer 15 and by moving the plunger 29 back the sample
liquid is sucked in whereafter the application of sample
liquid can be repeated in the way described hereinbe-
fore.

The invention is not restricted to the embodiments
shown in the drawings and described hereinbefore,
which can be varied in different manners within the
scope of the invention. The apparatus may for example
be equipped with automatically controlled means for
exchanging the Petri dishes and the sample liquid con-
tainers. In this manner it is possible to apply a great
number of samples onto culture mediums without
human interference.

Claims

1. Apparatus for applying a liquid sample onto a cul-
ture medium (1) in a prescribed quantity and distri-
bution, for example for determining the bacteria
concentration therein, comprising a syringe (12)
and a line (6) connected thereto and having a noz-
zle (5) for sucking in and delivering sample liquid,
characterized in that the volume of the line (6) and
nozzle (5) up to the syringe (12) is larger than the
stroke volume of the syringe (12).

2. Apparatus according to claim 1, wherein said vol-
ume of the line (6) is at least 250 cubic millimeters.

3. Apparatus according to claim 1 or 2, wherein supply
lines (33, 35) for buffer liquid and desinfectant and
containing a corresponding valve (34, 36) are con-
nected to the line (6) at a position between the noz-
zle (5) and the syringe (12).

4. Apparatus for applying a liquid sample onto a cul-
ture medium (1) with a prescribed quantity and dis-
tribution, for example for determining the bacteria
concentration therein, comprising a syringe (12)
and a line (6) connected thereto and having a noz-
zle (5) for sucking in and delivering sample liquid,
said line (6) being connected to a movable carrier
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(387) for forming said nozzle (5), characterized in
that the line (6) is exchangeably connected to the
syringe (12) with a nipple (42) and is equipped at
the nozzle with a mounting means (43) for unam-
biguously and exchangeably mounting the line to a
holder (44) of the carrier (37).

Line for use in an apparatus for applying a liquid
sample onto a culture medium (1) with a prescribed
quantity and distribution, for example for determin-
ing the bacteria concentration therein, comprising a
syringe (12) and a line (6) connected thereto and
having a nozzle (5) for sucking in and delivering
sample liquids, said line (6) being adapted to be
connected to a movable carrier (37) for forming said
nozzle (5), characterized in that the line (6) is
exchangeably connectable to the syringe (12) by a
nipple (42) and is equipped at the nozzle with a
mounting means (43) for unambiguously and
exchangeably mounting the line to a holder (44) of
the carrier (37).
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